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Annual Cycle of the Seminiferous Epithelium of
Miniopterus schreibersi fuliginosus

Mu-Shik Kang and Jung-Hun Lee’
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The characteristics of the testis and the annual cycle of the seminiferous epithelium of the Miniopterus schreibersi

fuliginosus were examined by optical microscopy. The testis weight and diameter of the seminiferous tubules were

increased gradually from May to July, and the highest activity was observed in August. The size then decreased rapidly
from October. Spermatogenesis began in May, peaked in August, and was suspended from October to April in the

following year. Spermatocytogenesis were produced from May to July. Spermiogenesis occurred from August to

September. In particular, immature spematogenic cells in the seminiferous tubules were engulfed by the phagocytosis of
Sertoli cells in October. From November to April, the seminiferous tubule contained only Sertoli cells and Ad

spermatogonia. Therefore, the periodic changes in the seminiferous epithelium of M. s. fuliginosus suggest that a long
hibernation is an adaptive strategy for the preservation of energy and the regulation of the breeding cycle.
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Table 1. Date examined, localities and number of Korean long-winged bat, Miniopterus schreibersi fuliginosus examined this experiment

Date examined . Localities No. of bats
In hibernation

Jan. 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 3
Feb. 05,2003 Yeoyang-ri Jinjeon-myeon Masan-si, Kyoungsangnam-do 1
Feb. 11,2003 Yeoyang-ri Jinjeon-myeon Masan-si, Kyoungsangnam-do 1
Mar. 11, 2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 3
Mar. 15,2003 Yeoyang-ri Jinjeon-myeon Masan-si, Kyoungsangnam-do 2
Upon arousal

Apr. 11.2003 Gwandeok-r1i Dosan-myon, Tongyoung-si, Kyoungsangnam-do 2
Apr. 15,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 1
May 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 2
May 26, 2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 1
Jun. 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 3
Jun. 26, 2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 2
Jul. 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 4
Aug. 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 4
Aug. 26,2003 wandeok-ri Dosan-myon, Toggyoung-si, Kyoungsangnam-do 3
Sep. 16,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 4
Sep. 29,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 3
Oct. 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 6
Oct. 26,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 4
In hibernation

Nov. 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 5
Dec. 11,2003 Gwandeok-ri Dosan-myon, Tongyoung-si, Kyoungsangnam-do 4

Fig. 1. Lateral views of adult male Korean long-winged bat,
Miniopterus schreibersi fuliginosus reproductive organs showing
monthly changes in their morphological features and size (a, April;
b, May; ¢, July; d, August; e, October; f, November). Note the
expanded testis in August sample (Fig. 1d). Cp, caput epididymis;
Cr, corpus epididymis, Cu, cauda epididymis, T, testis. All scale
bars = 5 mm.
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Fig. 2. Relationship between the seminiferous tubules diameter and the testis weight throughout the year in the Korean long-winged bat,
Miniopterus schreibersi fuliginosus. There were significant differences in monthly changes of diameter of the seminiferous tubules (@)
and changes of weight of testis (4) of Korean long-winged bat, Miniopterus schreibersi fuliginosus (P<0.05).
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Table 2. Monthly changes of seminiferous tubule diameter and degree of appearance of spermatogenic cell types in the seminiferous

tubules of M. s. fuliginosus

Diameter of Degree of appearance of spermatogenic cells
Month seminiferous Spermatogonia Spermatocytes .
tubules (um) Ad Ap B Primary Secondary Spermatids Sperm
63~65" v
Jan. (Mean: 62.05) I
63~65" v
Feb. (Mean: 64.15) T
63~66" A 4
Mar. (Mean: 64.20) R
63~66
Apr. (Mean: 64.45) *
82~84"
I
May (Mean: 82.55)
Jun 92-~04" |
’ (Mean: 93.30)
Tl 105~107
: (Mean: 106.10)
Au 178~180"
& (Mean: 179.05)
163~165 v
: T ]
Sep (Mean: 163.95)  |mm——
134~136" v
Oct. (Mean: 135.20) [
64~66 v
Nov. (Mean: 64.95) [
Dec 63~65" v
: (Mean: 64.15) H

Ad, Ap and B is dark, pale and B types of spermatogonia, respectively. *, The diameter was determined from 20 seminiferous tubules
cross-sections for each of the 58 specimens utilized for this analysis; V, The spermatids are degenerated by phagocytosis of Sertoli

cells; w, A few of dark type of spermatogonia (Ad) are degenerated
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Figs. 3-14. Light micrographs showing the spermatogenic cell
differentiations of seminiferous tubules in the testis throughout the
year in the Korean long-winged bat, Miniopterus schreibersi fuli-
ginosus. All scale bars = 20 pm.

Fig. 3. Light micrograph of January seminiferous tubule. The
basal lamina (Bl) was seen extremely prominence. Many of dark
type of spermatogonia (Ad) are observed in the seminiferous tu-
bule. The lumen was closed. Note degenerated Ad spermatogonia
(arrowheads), and many of lipid droplets (Ld).

Fig. 4. Light micrograph of February seminiferous tubule. Fe-
bruary sample tends to the same as January seminiferous tubule.

Fig. 5. Light micrograph of the March seminiferous tubule. The
seminiferous tubule diameter is intend the same that of January
and February samples. Note the degenerated Ad spermatogonia
(arrowheads), and many of lipid droplets.

Fig. 6. Light micrograph of the April seminiferous tubule. Note
the degenerated Ad spermatogonia are decreased (arrowhead).
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Fig. 7. Light micrograph of the May seminiferous tubule. The
pale type of spermatogonia (Ap) are first observed in the semini-
ferous tubule. Note degenerated Ad spermatogonia not observed.

Fig. 8. Light micrograph of the June seminiferous tubule. The
basal lamina (BI) are expanded. Not only Ad and Ap spermato-
gonia but also B spermatogonia are first observed.

Fig. 9. Light micrograph of the July seminiferous tubule. The
spermatogonia (A and B types) and leptotene (L) of primary sper-
matocyte in interphase of meiosis | were observed in the semini-
ferous tubule, a few of lipofuscin granules were distributed in the
seminiferous tubule.
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Fig. 10 (a-e). Light micrographs of the August seminiferous
tubules. (a), The basal lamina expanded than in June and July. The
primary round spermatids (St) including zyotene (Z), pachytene
(P) primary spermatocytes in interphase of meiosis I and meta-
phase (M) of secondary spermatocytes were observed in the se-
miniferous tubule. The lumen (Lu) was opened. (b), A few of A
and B spermatogonia and leptotene (L) primary spermatocyte in-
cluding many of round spermatids (St) and mature spermatids
(Mst) were observed in the seminiferous tubule. (c), A great many
of zyotene (Z) and pachytene (P) primary spermatocytes in pro-
phase of meiosis [, and the spermatids (St) of cap phase during
spermiogenesis were observed in the seminiferous tubule. (d),
Many of pachytene (P) primary spermatocyte in prophase of
meiosis I and spermatids (St) of acrosomal phases during sper-
miogenesis were observed in the seminiferous tubule. (e), Only
great many of primary round spermatids (St) and the spermatids
of acrosomal phase during spermiogenesis were observed in the
seminiferous tubule.
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Fig. 11. Light micrograph of the September seminiferous tubule.
Numerous mature spermatids (Mst) were observed in the semini-
ferous tubule. Note degenerated round spermaids (arrowheads).

Fig. 12. Light micrograph of the October seminiferous tubule.
Immature spermatogenic cells in the seminiferous tubule have
been engulfed by phagocytosis of Sertoli cells.

Fig. 13. Light micrograph of the November seminiferous tubule.
Only Ad type of spermatogonia 1 existed in the seminiferous tu-
bule, and the lumen was closed.

Fig. 14. Light micrograph of the December seminiferous tubule.
Ad spermatogonia are observed in the seminiferous tubule. Many
of lipid droplets (Ld) distributed throughout the lumen of semini-
ferous tubule, and the lumen was closed as November (Fig. 13).
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Fig. 15. Schematic representation of changes in the cellular composition of the seminiferous epithelium throughout the year in the
Korean long-winged bat, Miniopterus schreiberisi fuliginosus. Ad, dark type of spermatogonium; Ap, pale type of spermatogonium; B, B
type of spermatogonium; L, leptotene of primary spermatocyte; Z, zygotene of primary spermatocyte; P, pachytene of primary spermato-
cyte; IT; secondary spermatocyte; St, spermatid; S, sperm. *, degenerating spematogenic cells.
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Fig. 16. The periodic changes of the seminiferous epithelium in testis throughout the year in the Korean long-winged bat, Miniopterus
schreibersi fuliginosus. A, Degeneration of spermatogenic cells and/ or clearance by phagocytosis of Sertoli cells; B, Resting period.
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13) o 49744 (Fig. 6) ASHo MYy 2 A3 AAd
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1976; Bernard, 1986; Bernard et al., 1991; Singh & Krishna, 2000)
H&7)8e] g4 o (Racey, 1974; Gustafson & Shemesh,
1976; Bernard, 1986; Krutzsch & Crichton, 1987; Bernard et al,
1991; Singh & Krishna, 2000)1 4 & uf, 57| &=
olE ZEFY YT} ¥ dEhs W] FHI|E
ALt doldtte TFE Zae AR ARAHR
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Miller, 1939). FolZ &) 7MY Rhinolophus capensisSt Minio-
pterus schreibersii®} 7390l = L8 A Hol| AA3laL glo
wh, AAe] B8hr1717 th 2 A YeR™, Rhinolophus cap-
ensis2] AAHAZL 1080l AFsted 4283 5800 sertoli cell
ZRE G2} olgHAR 1, 6€olA 10874 = BB A
Bl (Bernard, 1986; Bernard & Hodgson, 1989)S L}ERA ¥lH
oll, Miniopterous schreibersii®] A3 42 39 A|&3}hd,
4497 590l A2} o g oA 1, 68 RE o] 287
= 284S JeR Y (Bernard & Hodgson, 1989; Bernard
et al,, 1991). SNAt Anoura geoffroyi®] 7-S-lAe AAEA
FA o] 59X gdel ZAH YElen, BAFEY ==
7¥0] 7}& =t} (Heideman et al., 1992). B4}y Myotis lici-
Sugus licifugus®] 7AS-oNMw= AAAE =7} digF 59 &
FEH 8d F 52 9827 yEhiE, 7] (108~4%)
T ART A FRAET =, 2R AUAEY Ser-
toli cell?F 23T (Gustafson, 1987). LRAF Rhinolophus
cornutust?] A AAA-L 6LHE AR FH o] A
3] F7hated, 84el HX|7}t =i, 108 E AAEEHA
o] &3] B BolXvh MARA A9 7w FaHE
AEgs Blon, 12¥9dE AP HA] M8 LA
24T} (Kurohmaru et al,, 2002). ©]= §=74F A9 (Lee et
al,, 1993)9} A9 AR ARE Jeplilth ofZeis} B
B AR G| A S Pipistrellus nanus®] 7399 &=
293 392 GRS 27|GAV}E dojuta, 482 T
AAAE 283 s¥els AF B 20~40% F57}F AR
A o] I71HAY, 68l AT oF 90% ©l/de] At
dAdTA el 717, 7€} 88 TR AHRE AEHS
2 wElen, 9dole AAE el ¢85 A=t (Benard
et al, 1997), o|A ¥ o] wpet FAPZNF] F3rdA
7y ¥z} FEEo| YehE Hol & gt THFE A
ol7} A& & T Jon, sxat B (Lee & Son,
1993)9} ST (Lee & Mori, 2004) 13|31 £ AT
oAM= edusle wel 1 EsldArl FREC YERgS
Y (Fig. 15), ol8ig 2= v|Fo] Bot gh=4t 71d7lelH
o] AT el #7148 ¥ Fig 16 I 5
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